A method is described for the automation of the T 3-uptake test using a discrete analyser. This enables 160 samples to be analysed in two hours at a cost of only 9p a sample. By making use of a simple correction procedure for differences in charcoal contact time and for radioactive carryover it is possible to get a within-batch precision of 2·5 % and a between-batch precision of 4·6 % for values within the normal range.
The assessment of available free binding sites on thyroxine binding globulin using the uptake of radioactive triiodothyronine (T3) has become increasingly popular. The manual charcoal separation method of Herbert et al. (1965) was used in the chemical pathology laboratory at Bristol for a number of years with slight modifications (Goldie, 1973) . To date all methods reported have been manual, or if automated, based on expensive kits. This paper describes a cheap automated method which was developed to handle an increasingly heavy work load.
Reagents and equipment
materials such as charcoal at concentrations up to 15 gil causes no problems.
The analyser is equipped with racks holding sample and reaction tubes alternately, side by side in 10 rows, each row containing 10 sample and 10 reaction tubes (Fig. 1) . Tubes may be centrifuged simultaneously in their racks which maintains their strict numerical sequence. One complete sample and dispense cycle takes 20 minutes for 100 tubes.
Further reagents may be added after 2, 4, or 6 min.
The samples are dispensed from autoanalyser cups and reactions are carried out in 13 x 60 mm polystyrene tubes (Metal Box Company). One syringe plate is used with syringes set as shown in Table 1. DISCRETE ANALYSER An Analmatic discrete analyser (Baird and Tatlock Ltd) was used. This uses syringe plates with up to six sampling or dispensing syringes available at anyone time. Volumes from 0·1 to 2·0 ml may be sampled and volumes from 0·1 to 5·0 ml dispensed with glass syringes. The dispensing of suspensions of ®J @X) @X) 8X) @O @X) @X) @O @C) s«: @X) @D @X) QK) @X) sc: @X) @X) @X) @() 
HAEMOGLOBIN-COATED CHARCOAL
Solution A 100 gil suspension of Norit 'NK' charcoal powder in buffer. The charcoal is sieved through a 150 mesh sieve before use.
Solution B
2·5 g/l buffered haemoglobin. 10 ml of fresh heparinised blood is taken and the plasma removed by centrifugation. The cells are washed three times with equal volumes of physiological saline, then three times with 1'25 % saline. The cells are haemolysed with one volume of distilled water and half volume of toluene, stored at 4 DC for 24 hours, centrifuged, and the toluene layer is removed. The lysed cells are shaken with silica gel and filtered slowly on a Buchner funnel to remove stromal proteins. The filtrate contains 80 to 100 g/I haemoglobin. The haemoglobin concentration is measured and then adjusted with buffer to give a final concentration of 2·5 g/1. Equal volumes of Solutions A and B are mixed to give about 500 ml and stored at 4°C for between 7 and 10 days before use. This stock is diluted I in 5 with buffer for the working solution (10 mg coated charcoal/ml), The charcoal is kept in suspension by a magnetic stirrer while it is dispensed.
REfERENCE SERUM
Human serum from at least 200 patients with normal thyroid function values is pooled and stored in 2 ml aliquots at -20 De. These are stable for up to four weeks and each batch is calibrated against the previous batch, any batch differing by more than 2 % is discarded.
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Original manual method 0·3 ml of serum or buffer for blanks is incubated with 1·7 ml of 1251-T3 diluent and left to stand at room temperature for 10 min. The reference serum is placed at the beginning, middle, and end of the batch. 0'3 ml of charcoal suspension (15 rng) is then added from a stirred solution using a syringe pipette. The tubes are shaken for 8 min on a Kahn shaker, centrifuged for 20 min at 3000 rev/min, and then the supernatants are decanted and counted to 10 000 counts. The Ts-uptake is calculated as «Counts/second test) -(mean counts/second blank» /«Meancounts/second reference serum) -(mean counts/second blank»
Automated method
Optimum timing conditions were first investigated by manual experiments using the existing Ts-uptake method as a basis. All points were set up in quadruplicate.
RESULTS
Effect of time of incubation of serum with 125/_T3 diluent 1·7 ml of 1251-T3 diluent was added to 0·3 ml of pooled serum and incubated at 20 DC for 5 to 40 min. 0·3 ml of charcoal suspension was added, the tubes were left to stand at 20 DC for 20 min, then centrifuged for 15 min at 3000 rev/min, and the supernatant counts determined. Blanks containing 0·3 ml of buffer in place of serum were treated in a similar manner. Figure 2 shows a graph of the amount of 125 1_T3 bound to serum versus time. There was no significant change during the period measured.
The maximum time delay available on the -:= 30 Analmatic if two reagents are to be added during one cycle is 6 min, so this time is used for the incubation period in the recommended method.
Effect of time of incubation with charcoal 0'3 ml of serum was incubated with 1·7 ml of 125J-Ta diluent for 20 min at 20"C. 0·3 ml of charcoal suspension was then added. After 1 to 45 min the tubes were centrifuged for 15 min at 3000 rev/min and the supernatant counts determined. 0·3 ml of buffer as blanks were treated in a similar manner. Figure 3 shows the variability of 1251-Ta bound to buffer. The tubes were left at 20' oC for 20 min, centrifuged, and then the supernatants removed and counted. Figure 4 shows that between 9 and 13 mg of charcoal there is only a small change in the supernatant counts in the presence of serum and no significant change in the blank value. For the Analmatic 10 mg of charcoal was chosen and this was added in 1·0 ml buffer. In 43 batches this gave a mean blank value of 4·25 ± 0·90%. ,", 3C Fig. 3 The effect of time of incubation with charcoal. There is no significant change in the blank value between 1 and 45 min. In the presence of serum the counts per second 125I-Ta bound to serum falls fairly rapidly up to 20 min and thereafter the change is slower. This is presumably because removal of the free Ta by charcoal causes the binding reaction to go into reverse. It takes 20 min for the Analmatic to perform one cycle with 100 tubes so in the recommended method tubes are left for 20 min after the addition of charcoal to the last tube so that all tubes are in contact with charcoal for at least 20 min and not more than 40 min. As described later, correction is then made for the stripping effect of charcoal over this 20 to 40 min period.
Concentration of haemoglobin charcoal suspension 0·3 ml of serum or 0·3 ml of buffer for blanks were incubated with 1·7 ml ofl 251-Ta diluent for 8 min at 20°C. Then coated charcoal in amounts varying from 5 to 13 mg were added in a constant volume of 1·0 ml Fig. 4 The effect of increasing amounts of charcoal on the removal of ""I-T 3 diluent.
The percentage of 1I5I_T" in the supernatant (solid line) versus weight of charcoal and the percentage of 1251_T" remaining in the blank (dotted line) versus weight of charcoal.
Priming Figure 5 shows the effect of priming the Analmatic with 125J-Ta diluent after washing the system with water. At least 15 priming strokes are needed to obtain a constant count in the dispensed reagents, so in the recommended method 20 priming strokes are always used.
Correction/or charcoal contact time
As was demonstrated above (Fig. 3) there is a small but steady decrease in supernatant counts the longer a sample is left in contact with charcoal. Various procedures were assessed to correct for this. 1. Aliquots of a pool of sera with an approximately normal value were measured with a reference serum placed at the beginning of each row (that is, every tenth sample).
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PROCEDURE
The sample plate layout is as shown in Fig. I . All syringes are primed 20 times with reagents before use. O·3 ml of serum is withdrawn from autoanalyser cups and washed into 13 x 60 mm tubes with 1·7 ml 125I_Ta diluent. When serum sampling reaches cup 36, addition of charcoal suspension starts from cup 6
Recommended method
Correction for radioactive carryover
This was assessed by setting up at the beginning of a batch two buffer blanks, a total count tube (containing 1·0 ml of buffer in place of charcoal suspension) and then five buffer blanks. Carryover was calculated according to the definiton of Walker et al. (1970) as: «counts/second blank following the total) -(mean counts/second final three blanksjptcounts/second of the total) A sequence of paired aliquots from a myxoedematous pool was set up alternately with a sequence of paired aliquots from a thyrotoxic pool. A mean and standard deviation was derived for the first samples of the thyrotoxic pairs (that is, those preceded by a myxoedematous serum which has a high supernatant count) and for the second samples of the thyrotoxic pairs (that is, those preceded by a similar supernatant count to themselves). The true value for the thyrotoxic pool can be taken as the mean of the values for the second tube of the thyrotoxic pairs. Values were calculated both corrected and uncorrected for carryover and are shown in Table 3 . Correction for carryover significantly improves the accuracy of a low value preceded by a high value. The mean carryover in 43 batches was 1·24 ± 0·72%.
In practice it is inconvenient to have a total (which contains no charcoal) other than at the beginning of the assay; so carryover is assessed in the recommended method, by setting up five totals followed by five blanks, and substituting the mean of the last four totals in the denominator of the formula above. This has no significant effect on the values calculated. Percentage carryover is calculated for each batch and each sample count is corrected for the counts carried over from the preceding sample. The Ts-uptake value of each aliquot was calculated from: «counts/second sample) -(mean counts/second blank»/«counts/second R) -(mean counts/second blank» where R was (a) The reference serum at the beginning of the row containing the aliquot. (b) The nearest reference serum to the aliquot. (c) The value for the reference serum appropriate to the aliquot's cup number derived from a regression line of counts/second reference serum versus cup number. 2. Five aliquots of reference serum were placed at the beginning of a batch and five at the end. The average increase per cup over the whole batch was calculated and the value for the reference serum appropriate to each unknown aliquot was derived and used in the formula above. This differs from l(c) in not taking account of fluctuations occurring throughout a batch.
The coefficient of variation calculated for the value of the unknown aliquots (53 estimations) derived by each method is shown in Table 2 . Method l(c) gave the lowest coefficient of variation and is used to calculate the results of unknown sera in the recommended method; in 43 batches the mean slope of the regression line was 19'40 ± 9·43 with a mean regression coefficient of 0·931 ± 0·049. Fig. 5 The effect ofpriming the Analmatic. The number ofpriming strokes needed completely to replace the water left in the system after washing out at the end of the previous batch. onwards; the first five tubes are totals and 1·0 ml of buffer is added to these in place of charcoal suspension. When charcoal suspension has been added to all tubes, the tubes are left at room temperature for 20 min. They are then centrifuged in the Analmatic centrifuge for 15 min at 3000 rev/min. The tubes are returned to the Analmatic preparation unit, 1·5 ml of supernatant is withdrawn and washed out with 3·0 ml of distilled water into 13 x 60 mm tubes. These tubes are then capped and counted on an automatic gamma counter to accumulate 10000 counts. Punched paper tape produced by the counter is then analysed by computer which carries out the carryover correction, corrects for charcoal contact time, and calculates the values for each sample according to method l(c) above. The Ts-uptake value for each serum is then combined with a thyroxine value obtained by the method of Goldie et al. (1974) to give a free thyroxine index (thyroxine -:-Tsuptake). In an alternative method of calculation, using a Wang 500 calculator, supernatant counts are first corrected for carryover using one program, then a further program uses these values to correct for charcoal contact time, to calculate the test values and derive the free thyroxine index. Any simple desk-top calculator can be used for the calculations.
Quality control data are produced with each batch including the percentage binding in each reference serum (this should be between 20 and 60%), the percentage binding in the blanks (this should not exceed 7~~) and the carryover (this should not exceed 3 %). The values for a control serum placed at the begin-ning and end of each batch are compared with a stored running mean. The mean Ts-uptake in the test sera is also calculated. The normal range, derived from a 95 % percentile estimate from 91 healthy blood donors, is 0·70 to 1'15.
Precision WITHIN AND BETWEEN-BATCH PRECISION
The within-batch and between-batch precision is compared with the values for the manual method (Table 4) . A correlation between the automated method (Y) and the manual method (X) gave a correlation line Y = 0·995X + 0'048; r = 0 869 (130 samples). Herbert et al. (1965) showed a good correlation between the coated charcoal and the resin sponge Ts-uptake methods. A review of the precision of the Analmatic has been published by Harkness et al. (1973) .
Discussion
Over 12000 estimations have been made in the past 18 months by the recommended method at a cost per test of 9p including reagents and depreciation of the Analmatic. This compares with 25 to SOpper test for most kit methods (all costs exclude salaries and counting equipment). Eighty samples can be estimated in 90 minutes (excluding counting time). By running two sample plates sequentially it is possible to estimate 160 samples in 120 minutes. Using the manual method about 40 samples could be estimated in 120 minutes. This automated method has therefore increased the rate of analysis fourfold while at the same time improving the within and between-batch precision. While this method was developed for use on the Baird and Tatlock analyser it is possible to dispense charcoal with other analysers-for example, the LKB Ultrolab. Thus this method could equally well be set up on a different discrete analyser as the time correlation procedure allows for any differences in charcoal contact time which may arise.
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